Materials and General Procedures
Zr(O i Pr) 4 i PrOH (99.9%, Aldrich) was used without further. rac-lactide (Aldrich) was recrystallized from dry toluene and sublimed twice prior to use in polymerisation reactions. All other starting materials were used as received and purchased from Aldrich or Acros.
Prepartion of all metal complexes and subsequent ROP of rac-lactide was performed under an inert atmosphere of argon using standard Schlenk or glove-box techniques. All solvents used in the preparation of metal complexes and polymerisations were dry and obtained via an SPS (Solvent Purification System). Salicylammonium acetate (2.00 g, 10.9 mmol) and NaHCO 3 (3.66 g, 43.6 mmol) were charged to a round-bottom flask and set stirring in THF (50 ml). The reaction mixture was heated to reflux (80 °C) before adding a solution of 2-hydroxy-3,5-di-tert-butylbenzyl bromide (6.54 g, 21.8 mmol) in THF (25ml) drop-wise. The reaction mixture was refluxed for approx. one hour before adding triethylamine (3 ml, >21.8 mmol) drop-wise. The reaction was held a reflux for a further five hours before cooling to room temperature. Filtration removed a white solid (NaHCO 3 / Et 3 NH + Br -) leaving a yellow solution. Solvent was removed via rotary evaporation and further dried under reduced pressure to give a yellow solid. This crude product was redissolved in dichloromethane (~5ml) and subjected to flash chromatography to remove unreacted starting material and triethylamine (3.3 g, 5 .9 mmol, 54% yield). (2-hydroxybenzyl)(2-hydroxy-3,5-dimethylbenzyl) (2-hydroxy-3,5-di-tert-butylbenzyl) amine (H 3 2) 2-Benzyloxybenzylammonium acetate (2.00 g, 7.23 mmol), sodium bicarbonate (2.46 g, 29.3 mmol) and ethanol (100 ml) were charged to a round-bottom flask and heated to 70 °C under a flow of argon.
Experimental -Ligand Synthesis

H NMR
3,5-dimethyl-2-hydroxybenzaldehyde (1.10 g, 7.32 mmol) was diluted with ethanol (~20 ml) and added drop-wise to the reaction mixture. The reaction mixture was stirred for four hours before hot filtering to partially remove the sodium bicarbonate. The solvent was removed via rotary evaporation to yield a yellow solid. This crude product was re-dissolved in toluene, heated and hot-filtered to remove the remaining sodium bicarbonate. The solvent was removed via rotary evaporation and further dried under vacuum to yield a yellow solid imine, N-(2-benzyloxybenzyl) (2-hydroxy-3,5-dimethylbenzyl) 120.7, 124.6, 126.5, 127.6, 127.8, 128.4, 128.8, 129.2, (2-hydroxy-3,5-dimethylbenzyl) 3, 119.4, 120.7, 120.8, 122.6, 123.3, 124.1, 124.5, 128.0, 128.2, 128.4, 130.2, 130.3, 134.9, 149.9, 150.9, . 
2-Benzyloxybenzylammonium acetate (2.90 g, 10.6 mmol), sodium bicarbonate (3.57 g, 42.4 mmol) and ethanol (150 ml) were charged to a round-bottom flask and heated to 70 °C under a flow of argon.
Salicyaldehyde (1.29 g, 10.6 mmol) was diluted with ethanol (~20 ml) and added drop-wise to the reaction mixture. The reaction mixture was stirred for four hours before hot filtering to partially remove the sodium bicarbonate. The solvent was removed via rotary evaporation to yield a yellow solid. This crude product was re-dissolved in toluene, heated and hot-filtered to remove the remaining sodium bicarbonate. The solvent was removed via rotary evaporation and further dried under vacuum to yield a yellow solid imine N-(2-benzyloxybenzyl) (2-hydroxybenzyl) (2-hydroxybenzyl) aldimine (1.80 g, 5.64 mmol) was dissolved in methanol before the addition of sodium borohydride (1.5 eqv.) and allowed to stir at room temperature for 12 hours / overnight. The solvent was removed via rotary evaporation and purified as above to yield the corresponding amine. This amine (1.64 g, 5.13 mmol) was dissolved in THF (150 ml) and heated to reflux (80 °C). 3,5-di-tert-butyl-2-hydroxybenzyl bromide (1.54 g, 5.13 mmol) was dissolved in THF (~20 ml) before being added drop-wise to the reaction mixture. The reaction mixture was refluxed for approx. one hour before adding triethylamine (0.8 ml, 5.64 mmol) .The reaction was held a reflux for a further 5 hours before cooling to room temperature. Filtration removed a white solid (Et 3 NH + Br -) leaving a yellow solution. Solvent was removed via rotary evaporation and further dried under reduced pressure to give a yellow solid. The crude product was dissolved in methanol (50 ml) before the addition of Pd/C and exposure to an atmosphere of H 2 . After stirring for 18 hours, the reaction was filtered through celite and the solvent removed via rotary evaporation. Further drying under vacuum yielded a yellow solid. This crude product was redissolved in dichloromethane (~5 ml) and subjected to flash chromatography to remove unreacted starting material and triethylamine. Solvent was removed under vacuum and the resulting solid recrystallized in hexane with a small amount of methanol to yield the white solid amine tris(phenolate), H 3 3 (0.98g, 2.20 mmol, 43% yield). 120.5, 121.6, 122.6, 123.4, 125.4, 129.7, 131.3, 136.2, 
N-(2-benzyloxybenzyl)
Experimental -Zirconium Complex Synthesis and Characterisation
General Procedure
Amine tris(phenolate) ligands (H 3 X) could be used crude and charged to a dry Schlenk and placed under an inert atmosphere using standard Schlenk techniques. The ligand was dissolved in dry toluene before adding Zr(O i Pr)(HO i Pr). The reaction was stirred at room temperature for one hour before the solvent was removed under vacuum. Dry hexane was added, giving an orange solution and off white solid. The solid was isolated via cannula filtration and dried under vacuum. The crude solid product was dissolved in minimal hot toluene and allowed to recrystallize to yield a white crystalline product. 
Single Crystal X-ray Crystallography Data
All data were collected on a Nonius kappa CCD diffractometer with MoK radiation ( = 0.71073 Å) see Table. T = 150(2) K throughout and all structures were solved by direct methods and refined on F 2 data using the SHELXL-97 suite of programs. Hydrogen atoms, were included in idealised positions and refined using the riding model. All solutions were relatively straightforward expect the following: Zr 2 (1)(O i Pr) 2 The asymmetric unit was also seen to contain some extensively disordered solvent, which was treated using the Platon SQUEEZE algorithm. Based on the results from same and the pre-SQUEEZE difference electron-density map 1.2 molecules of CDCl 3 are present. The carbon and hydrogen atoms of the isopropoxide are disordered over two sites in a 60:40 ratio, one tBu moiety is disordered over two sites in a 60:40 ratio. Zr 2 (2)(O i Pr) 2 the data was truncated to a 2θ value of 50.0º due to their small size. The carbon and hydrogen atoms of the isopropoxide are disordered over two sites in a 50:50 ratio, a molecule of toluene is also present in the asymmetric unit.
X-ray Parameters
Compound reference Zr 2 (1) Figure S3 . Zr 2 (1/2) 2 (O i Pr) 2 ellipsoids are shown at the 30% probability level. All disorder, hydrogen atoms and methyl groups of the isopropoxide moiety have been removed for clarity.
Polymerisation Experimental Procedures
Solvent-free polymerisations of rac-lactide initiated by group IV amine tris(phenolate) complexes For solvent-free polymerisation of rac-lactide the monomer/ initiator ratio was 300:1. 0.50 g of monomer was used (recrystallised and doubly sublimed). Reactions were prepared air-sensitively and sealed before being carried out at 130 °C. After the reaction time, methanol (1 ml) was added to quench the reaction and the resulting solid dissolved in dichloromethane (~20 ml). The solvents were removed under reduced pressure and the resulting solid was analysed by 1 H NMR (CDCl 3 ) to determine conversion. Quantification was achieved through the integration of the monomer methine quartet (4.9 ppm) and the polymer methine multiplet (5.1 ppm) with conversion calculated using the following equation:
. The solid was washed with methanol to remove all
unreacted monomer. Homonuclear decoupled 1 H NMR spectroscopy (CDCl 3 ) was used to determine the polymer tacticity, with quantification as a P r value (probability of racemic enchainment). GPC (THF, referenced to polystyrene standards) provided relative molecular weights (M n ) and polydispersity index (PDI) of the polymers produced.
Solvent-based polymerisations of rac-lactide initiated by group IV amine tris(phenolate) complexes
Solvent-based polymerisations were carried out in toluene at a lactide concentration of 0.5 M. The monomer/initator ratio used was 100:1 with monomer (1.0 g) purified through recrystallisation and double sublimation. Reactions were prepared air-sensitively and sealed before being carried out at 80 °C. After the desired reaction time, the reaction was quenched with methanol (1 ml). Solvents were then removed under reduced pressure and the resulting solid analysed by 1 H NMR to determine conversion. Quantification was achieved through the integration of the monomer methine quartet (4.9 ppm) and the polymer methine multiplet (5.1 ppm) with conversion calculated using the following equation:
. The solid was washed with methanol to remove all unreacted
monomer. Homonuclear decoupled 1 H NMR spectroscopy (CDCl 3 ) was used to determine the polymer tacticity, with quantification as a P r value (probability of racemic enchainment). GPC (THF, referenced to polystyrene standards) provided relative molecular weights (M n ) and polydispersity index (PDI) of the polymers produced.
Kinetics-scale solvent-based polymerisations of rac-lactide
Polymerisations were carried out in a Young's NMR tube, prepared under an inert atmosphere using standard glove-box techniques. Monomer/initiator ratio was 100:1 with a monomer concentration of The pseudo first-order rate constant (k app ) was calculated from the gradient of
. .
Polymerisations to investigate reaction order
[I] was found through the plot of where the gradient of the plot is equal to the
order with respect to [I] . 
Polymerisation Kinetics
DOSY NMR Analysis:
Pulsed gradient spin echo (PGSE) 1 experiments allow for the determination of the self-diffusion coefficient . It is intuitive that is related to the size of the diffusing species, and provided that the size of the molecules under consideration is substantially greater than the size of the solvent molecules then the Stokes-Einstein equation may be reasonably be applied to gain information on the hydrodynamic radius ( ).
= 6 where k is the Boltzmann constant, T is the temperature, and ƞ is the solution viscosity. It can also be shown that = where sa denotes sample and so solvent. 4 As and can be experimentally determined and can be calculated from known values, an estimate of can be achieved; using a plot of versus , may be found and thus . The advantage of this method is that data can be obtained without the need for viscosity measurements using the solvent as an internal standard, combined with the known hydrodynamic radii of the solvents.
Experimental details
Data were acquired using a Bruker Avance III NMR spectrometer operating at 500. 
